The aim of this study was to investigate the effects of royal jelly against gamma-radiation induced oxidative damage in liver and lung tissue after total body irradiation. The adult male Sprague Dawley rats were randomly divided into six groups of sixteen animals each; group 1: control group (C), group 2: only irradiated rats (IR), group 3: irradiated rats with royal jelly administration at 25 mg/kg/day (IR+RJ25), group 4: irradiated rats with royal jelly administration at 50 mg/kg/day (IR+RJ50), group 5: only royal jelly administration at 25 mg/kg/day (RJ25), group 6: only royal jelly administration at 50 mg/kg/day (RJ50). Royal jelly (RJ) was administered at a dose of 25 and 50-mg/kg body weight, by gavage for 10 days prior to irradiation and 10 days after irradiation. On the tenth day of study, radiotherapy was applied to the whole-body by single fraction at a dose of 6 Gy. Half of rats were sacrificed at 24 hours and 10 days after irradiation under ether anesthesia. Blood samples were collected and analysed for alanine aminotransferase, aspartate aminotransferase, triygliceride, total cholesterol and gamma glutamyl transpeptidase levels. The lung and liver samples were stored for the measurement of malondialdehyde, glutathione peroxidase, superoxide dismutase and catalase activities. Rats exposed to wholebody irradiation induced a marked liver failure, characterized with a significant increase in serum AST, ALT, cholesterol and triglyceride concentrations, and also they had higher lung and liver MDA and lower GSH-Px, CAT and SOD (p<0.001). Administration of royal jelly resulted in a significant decreased in oxidative stress parameters and biochemical parameters, and certainly increased antioxidant activities. Furthermore, pre-and post-treatment with RJ was more effective than pre-treatment with RJ.
INTRODUCTION
Radiotherapy is an essential therapeutic modality of a wide variety of tumors, but its acute side effects on the normal tissues limit the effectiveness of therapy. Irradiation occurs due to excessive free radical production. The free radical metabolities play an important role in the pathogenesis of radiation induced tissue injury. [1] [2] [3] [4] [5] The potential of antioxidants to reduce the cellular damage induced by ionizing radiation has been studied in animal models for more than 50 years. The application of antioxidant radioprotectors to various irradiation situations has not been extensive. It is generally accepted that endogenous antioxidants provide some degree of protection. [3] [4] [5] [6] [7] [8] RJ has received particular attention due to its a highly efficient antioxidant and scavenging ability against free radicals such as superoxide anion radical, DPPH (1,1-diphenyl-2-picrylhydrazyl) radical, and hydroxyl radical. It was also demonstrated that the protein fractions in RJ have high antioxidative activity. RJ, a principal food of the honeybee queen, is produced by the hypo-pharyngeal and mandibular glands of worker honeybees. It has been reported that RJ has several pharmacological activities, including vasodilative and hypotensive, antitumor, anti-inflammatory, antihypertensive, antifatigue and antiallergy activities. [9] [10] [11] [12] [13] [14] [15] [16] Analysis of chemical composition shows that RJ is composed mainly of proteins, sugars, lipids, vitamins and free amino acids, together with a large number of such bioactive substances as 10-hydroxy-2-decenoic acid, antibacterial protein, a stimulating factor etc. Therefore, RJ has been widely promoted as a commercially available medical, a health food and as a cosmetic in many countries. In addition, it has been said that RJ is a useful form of traditional medicine for longevity used in Europe and Asia. 8, 9, 10, 16 Based on these reports, this study was designed to determine the possible protective effect of RJ against radiation-induced oxidative damage of the liver and lung tissues in total body irradiated rats.
MATERIALS and METHODS

Animals:
Appropriate permission for the study was obtained from the ethics committee of Erciyes University, School of Medicine, Animal Care and Use Committee. All experimental procedures were conducted in accordance with the Guide to the Care and Use of Laboratory Animals. The study was carried out in 96 male Sprague Dawley rats, 8-12 weeks old and weighing 205-225 gram. The rats were quarantined for at least ten days before irradiation, housed in eight per group to a cage in a windowless laboratory room. Animals were housed at [22] [23] [24] 0 C in a continuously ventilated environment with a lighting period of 12 h dark and 12 h light. Throughout the study, the animals were provided with ad libitum rat feed (2600 kcal/kg ME, 7% crude cellulose, and 23% crude protein) and drinking water.
Preparation of royal jelly: RJ was obtained from the Civan Beefarm, Kayseri, Turkey. It was collected from queen larvae of queen bees when they were 3 days old and kept frozen -20 0 C until used. RJ diluted in sterilized, distilled water (100 mg/Ml, wt/vol) and ultrasonicated for at least 60 min with occasional and shaken slowly overnight at 4 0 C. The mixture was centrifuged at 15000 g for 10 min at 4 0 C and then the supernatant was further diluted with the culture medium and used as the sample solution for the following tests. Doses of 25 and 50 mg/kg/day RJ were dissolved in distilled water and aliquot of different concentrations were given orally to animals with a gavage needle.
Irradiation: Prior the irradiation, animals were anesthetized by subcutan injection of 25 mg/kg ketamine hydrochloride (Phizer Ilaç, İstanbul, Turkey) and 5 mg/kg xylasine (Rompun® Bayer, İstan-bul, Turkey). The rats were subjected to gamma ray total-body irradiation in a chamber with anesthesia using a Cobalt-60 teletherapy machine (Theratron 780 C, Canada). Each rat was exposed to total dose of 6 Gy in one fraction. The dosage was calculated at 2.5 cm depth and 80 cm source-skin distance. Animals were returned to their home cages following irradiation.
Experiment design: Ninetysix rats were used to this experiment. The animals were randomly divided into six groups of sixteen animals each and were treated as follows:
Group 1 (C): Receive neither RJ nor irradiation but received 1 ml distilled water.
Group 2 (IR):
The animals of this group were given equal volume of sterile double distilled water instead of RJ as described for group 1, and were subjected to whole-body irradiation af a single dose of 6 Gy on the 10th day.
Group 3 (IR+RJ25):
Rats were fed with 25 mg/kg/day RJ, starting from 10 days before irradiation and continued a day or 10 days after a single dose of whole-body gamma-irradiation of 6 Gy.
Group 4 (IR+RJ50):
The animals of this group were given 50 mg/kg/day RJ as described for group 3 and were subjected to whole-body irradiation af a single dose of 6 Gy on the 10th day.
Group 5 (RJ25): RJ was alone administered at a dose of 25 mg/kg/day RJ.
Group 6 (RJ50):
The animals of this group were given 50 mg/kg/day RJ as described for group 5.
Biochemical Analysis: At twentyfour hours after irradiation, half of the animals in each group (n= 8) were maintened under light ether anaesthesia performed just before the collection of blood samples. Samples were collected from each animal into centrifuge tubes, by means of the insertion of a canulla in the heart. Subsequently, certain the liver and lung of the rats were excised.
Blood samples were centrifuged at 3000 g for 10 min for the separation of serum, which was used for the analysis of serum enzymes. Serum triygliceride, total cholesterol levels, and ALT, AST and GGT activities were measured using Konelab model kits.
After the extraction of the liver and lung tissues of the animals, tissues were washed with ice-cold isotonic saline and blotted between two filter papers. One gram of the tissues was fixed in 10% (w/v) tissue homogenates in ice-cold 0.1 M potassium phosphate buffer, Ph 7.5 isotonic saline on ice for 10 s in the first speed level. The homogenate was santrifuged at 10.000 rpm for 60 min at 4 0 C. The resulting supernatant was transferred to Eppendorf tubes. These supernatents were used for the analyses of antioxidant enzymes.
Ten days after irradiation, animals in each group were sacrificed as mentioned above.
Determination of tissue antioxidant activities:
For the measurement of lung and liver MDA levels, the method described by Ohkawa et al was used. The principle of this method was based on the measurement of the color intensity of the pink-colored complex formed by thiobarbituric acid, a lipid peroxidation and product, in acidic environment at 535 nm. Results were expressed in nmol/mg -1 -protein. 17 SOD activity was determined as described by Sun et al. The principle of the indicated method was based on the measurement of the absorbance at 560 nm of the blue-colored formazon product generated as a result of the reduction of the nitro blue tetrazolium ion by the superoxide radical. The decrease in absorbance and enzyme activity was inversely proportional. 18 CAT activity was determined as described by Luck. The principle of this method was based on the measurement of the decrease in absorbance at 240 nm caused by the decomposition of hydrogene peroxide, present in an appropriate buffer, by the enzyme catalase. 19 Glutathione peroxidase activity in tissue homogenate was determined by spectrophometeric using reduced glutathione and cumene hydroperoxide as substrate using 20 µl diluted homogenate by the modified method of Paglia and Valentine. 20 The spesific activity of CAT, SOD and GSH-Px were expressed as U/mg . All values were expressed as mean±standard error (SEM). First, the outliers preliminary tests for detection of error values were used. Afterward, the one-way analysis of variance (ANOVA) then homogeneity variance test (Tukey HSD) were applied. In addition, Duncan's multiple range test for the comparison of two groups, were done. The level of statistical significance was set at p< 0.05.
RESULTS
The effects of irradiation, royal jelly and their combination on some biochemical paremeters in rats are shown in Table 1a and 1b. The in differences ALT, AST, cholesterol, triglycerides values of the control, radiation alone, radiation plus royal jelly groups were found to be statistically significant (p< 0.001) but that between the control and royal jelly alone groups were not (p> 0.05). Results indicated that radiation caused a marked reduction in liver functions, as charecterized by a significant increase (p< 0.001) in serum ALT activities of the animals at 24 hours and ten days after exposure. Radiation also caused significant increases (p< 0.001) in cholesterol, triglycerides levels, and AST activities as compared to the control levels. Thus, these data indicated that a whole-body irradiation impairs liver function. Compared to the control group, while no significant change observed in the GGT activity of the group that was given royal jelly alone, radiation and radiation plus royal jelly groups.
The ALT enzyme activity of the group that was administered irradiation plus royal jelly was determined to be significiantly decreased, when compared to radiotherapy group (p< 0.001). On the other hand, treatments with RJ for 10 days before and after administration of irradiation markedly reversed radiation-induced increase in serum ALT activities, and 50 mg/kg RJ dose was more effective. These treatments also decreased serum cholesterol, triglycerides level, and AST activities when compared to with irradiation alone group (p< 0.001). No statistically significant change was observed in the GGT and AST in RJ-treated group compared to control group (p> 0.05). At the same time, the reduction in triglycerides level induced by RJ alone was increased in the presence of RJ with irradiation. This showed that RJ minimize the side effects of irradiation.
The level of MDA and the activity of SOD, CAT and GSH-Px in the rat lung and liver is all presented in Table 2 and 3. The animals in group irradiation had significiantly (p< 0.001) higher levels of MDA in lung and liver tissue, while having significiantly (p< 0.001) lower SOD, CAT and GSH-PX activities. Pre-and post-treatment with RJ provided marked normalization in liver and lung tissue MDA concentration when compared to the alone irradiation group. Significant decreases in same group were observed in SOD, CAT and GSH-Px activities when compared to the control group. Similarly, RJ treatments provided marked ameloriation in liver and lung tissue SOD, CAT and GSH-Px activities. These effects were pronounced in the group treated with the 50 mg/kg dose of RJ. Generally, the combined treatment of irradiation and RJ resulted in a significant (p< 0.001) improvement in the antioxidant status in a dose and schedule dependent fashion which was more pronounced in the group received the 50 mg/kg dose of RJ. There was no statistically significant difference between control group and RJ alone groups (p> 0.05).
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DISCUSSION
The ability of ionizing radiation to kill cancer cells through the induction of cell damage makes an important modality treatment against cancer in humans. The main aim of radiation treatment is to apply an effective dose of ionizing radiation to eliminate tumor cells in a well-defined the tumor volume, with minimum side effects to surrounding healthy tissue.
1,2 Despite advances in modern RT technology, some acute complications have not been ameliorated in cancer patients after radiotherapy. The degree of acute complications depends on numerous factors, including the radiation dose, its scheduled administration, the stage of the cell within the cell cycle, the levels of cellular antioxidant defense system, and the availability of oxygen in the tissues. 2, 3, 4, 5, [21] [22] [23] [24] [25] [26] Several drugs and substances may reduce the side effect of radiation. These are known as protectors. The design of strategies capable of protecting normal host tissues from the lethal actions of radiation without compromising their anti-cancer activity is of great interest in radiation biology. The use of several chemicals such as Amifostine, natural antioxidant, biological response, immune stimulators etc. are provided important protection from radiation exposure in experimental animals. [3] [4] [5] [6] [7] [8] Table 1b. The effect of varying doses of RJ on the levels of serum cholesterol, triglyceride, AST, ALT and GGT of rats exposed to gamma radiation at 10 days. Table 2a . The effect of varying doses of RJ on the levels of liver tissue MDA, SOD, CAT and GSH-Px activities of rats exposed to gamma radiation at 24 hours.
Groups
Liver MDA Liver CAT Liver SOD Liver GSH-Px Some antioxidant nutrients are generally protective when administered at pharmacological doses. Natural radioprotectors can alter the balance of endogenous protective systems, such as glutathione and antioxidant enzyme systems. RJ, is a dietary natural antioxidants, has been reported to participate in the regulation of a number of important physiological and pathological process. RJ has also anti-inflammatory, DNA-protective, and anti-tumor effects in experimental animals. RJ has defined as a substance in foods that significantly decreases the adverse effects of reactive species, the cellular damage induced such as reactive oxygen and nitrogen species by ionizing radiation or chemotherapy, the protective defense systems are very important for health. 3, 4, 6, 7, 9, [10] [11] [12] [13] [14] [15] This article focuses on the radioprotective efficacy of naturally occurring antioxidants, specifically antioxidant royal jelly, how they might influence various endpoints of radiation damage. Among biochemical parameters, the increase of ALT, AST and GGT activities in the irradiated group were found to be related to damage in the liver and change in hepatic functions. When compared to the control group, the elevation in ALT, AST, cholesterol, triyglyceride and GGT levels in irradiation group indicated necrosis or hepatocellular injury. ALT, AST, colesterol, triglyceride and GGT were incre- ased in liver damage but ALT was an enzyme that spesific to liver damage. We expected that irradiation is a significant increase liver tissue damage. This could be attributed to hepatic structural damage as these enzymes, are normally localised in the cytoplasm, are released to into the circulation after cellular damage has occurred. Co-treatment of irradiation and RJ resulted in a significant improvement in all the tested parameters towards the normal values of the control. These improvements were in doses related manner and pre-and post-treatment. Our results coincided with those of Mansour HH 6 who stated that serum cholesterol, HDL, LDL and triglycerides tend to be higher in irradiated rats than the control. Elevated serum cholesterol and triglycerides might probably associated with biliary obstruction and acute hepatic injury. Uzbekova et al. 27 have been reported on thyroxin-induced liver damage and RJ resulted in a significant improvement in tested paremeters such as AST, ALT and protein content levels. The reason why RJ administered irradiation decreased hepatotoxicity could be related to the fact that hepatocyte-stimulating substance and glutathione precursor cysteine which is important role in the liver detoxification system. El-Nekeety et al. 15 reported that RJ resulted in a significant improvement in ALT, AST, cholesterol and triglyceride levels toward to normal values of the control rats in fumonisin intoxication study.
MDA levels of lung and liver tissues in group received irradiation alone was determined to be increased in this study. A significiant increase in MDA levels as well as decrease CAT, SOD, GSH-Px tissues enzymes were found in irradiation group. MDA was increased in the liver and lung which is a good indicator of lipid peroxidation indicating the presence of radiation-induced oxidative damage. The elevation oxidant enzymes or depression of antioxidant enzymes could be explained as oxidative stress injury by irradiation. Several studies in vitro and in vivo suggested that exposure of experimental animals to irradiation is accompanied by the induction of oxidative stress. When tissue is exposed to ionizing radiation, the biological system results in the generation of highly reactive oxygen species (ROS). ROS significiantly affects the cellular membrane and induces peroxidation of the lipids, DNA and protein thereby producing damaging effects to the cells. Stimulates ROS production damage in mitocondria, which increase free radical production and decrease antioxidant production. ROS also affects antioxidant defense system, reduces the intracellular consentration of GSH-Px and decrease of the activity of CAT and SOD. 2, 4, 7, 10, [22] [23] [24] [25] [26] Seperate administration of RJ significantly decreased the MDA levels. CAT, SOD, GSH-Px are a well-known antioxidant which provides major protection in oxidative injury. Reduction in the activity of SOD causes an increase in the level of superoxide anion, which inactivates CAT activity. The observed increase of MDA supported this view even though, MDA gave a dose-dependent response to
